Percentage net phosphorus availability (NPHA) and net phosphorus utilization (NPHU) of the phosphorus contained in heat-sterilized poultry litter (PL) as compared to feed grade dicalcium phosphate (DCP) for lambs was assessed by the "slope" method. The method was based on the evalua tion of the function of apparent phosphorus absorption (NPHA), or retention (NPHU), on phosphorus intake. Nitrogen retention was also evaluated. Plasma inorganic phosphorus concentration as a function of phosphorus intake was eval uated and compared to NPHA and NPHU. The percentage of NPHA was found to be 63.7 and 39, and that of NPHU was 63 and 38 for the phosphorus supplied by DCP and PL, respectively. Thus, the NPHA or NPHU for the phosphorus contained in PL is 60.9 and 60.3% of that of DCP, respectively. The slope ratio between the two phosphate supplements as observed for plasma inorganic phosphorus concentrations was similar to those found for NPHA and NPHU but the coefficient of variation was 5 times higher. Nitrogen digestibility was not affected by the level of phosphorus in the diets. Correlation between nitrogen retention and NPHA or NPHU was, however, significant (P < 0.05). The slopes of dependence of N retention upon phos phorus intake were 2.81 and 1.6 (P<0.05) for DCP and PL treatments, re spectively, and the ratio between the slopes was 0.57, close to the ratio of NPHU in PL to DCP-supplemented diets.
A. Ingredients 1The basal concentrate was composed of: dehydrated citrus and sugar beet pulps, 28.42% each; cottonseed hulls, 21.31%; blood meal, 8.88%; corn flour, soybean oil and glucose monohydrate, 3.55% each; sodium chloride, 2.14%; trace elements and vitamins according to (9) , 0.11%, methionine 0.07%.
2 To equalize total N and non-protein nitrogen content of the diets.
3 Calculated from digestible energy values of feedsturFs presented by NRC 1975, and for the PL as presented by Tagari et al. (9) . excreta only) was earlier reported (5) but with no comparison to a standard source of phosphorus. Balance techniques have been commonly used to obtain val ues of phosphorus utilization in terms of percentage absorption (6) . These tech niques, however, determined apparent absorption with no allowances for the endogenous phosphorus excretion. In the present study, the "slope method" (7) has been adopted for balance technique, used in sheep to obtain the percentage of net phosphorus utilization (NPHU) of heat-sterilized PL.
MATERIALS AND METHODS

Animals and diets
Thirty Awassi lambs (fat tail), 4-5 months old and weighing 39.6 Â± 3.3 kg (mean Â± SD) were distributed into five groups and placed in metabolism cages. During an adaptation period of 20 days, they were fed the basal diet (table 1) supplemented with sufficient dicalcium phosphate. They were then fed the ex perimental diets for 20 days. Collection of excreta was made during the final 10-day period. The diets in amounts detailed in table 2 were fed in two equal portions of 0700 and 1600 hours. Feed residues were collected and analyzed. Blood sam ples were obtained from the jugular vein on alternate days during the last 6 days, 3 hours after the morning meal. Heparin was used as an anti-coagulant. The blood samples were immediately centrifuged and the resulting plasma was extracted with 10% trichloroacetic acid. Details of the experimental procedures were given previously (8) .
The experimental diets and their chem ical composition are given in tables 1A and IB, respectively. The digestible energy allowance was about 4,000 kcal/ day, according to the National Research Council [NRC] (10) , and the phosphorus intake was between 1.6 and 2.5 g/day (table 2) supplied either by dicalcium phosphate (DCP) or heat-sterilized PL previously described (9) . The highest phosphorus intake was lower than the at DCN/Wolfgang on February 21, 2008 jn.nutrition.org 2 One lamb of each treatment 2 and 4 went off feed during the balance trial as a result of inflamed preputium that appeared after the rubber funnels were attached to their abdomen for urine collection.
3 One lamb went off feed during the balance trial due to a hoof that was damaged by the wire mesh at the bottom of the metabolic cage.
NRC (10) allowance for lambs of this age and weight. A fixed daily amount (100 g) of chopped straw was fed to supply roughage.
Chemical methods
Total N in feeds was determined by the Kjeldahl method (11) . Phosphorus in feedstuffs, feces and plasma filtrate was determined according to Gomori (12) . When a low Ca:P ratio in feed or fecal samples was expected, 5 ml of 5 M CaCl2 was added to the sample before ashing. The phosphorus concentration in urine was determined by the micro method described by Chen et al (13) . Calcium in feeds was determined according to Welcher (14) .
Calculation and statistical analysis
Apparent absorption was calculated according to the equation Pab = PI-PF, where Pab is apparent absorption of phosphorus and PI and PF denote the phosphorus intake and fecal phosphorus, respectively. Phosphorus retention was calculated according to the equation PR = PI -(PF + PU) where PU is urinary phosphorus excretion. Net phosphorus absorption is defined as NPHA = Va/PI where Va is the absorption of feed phosphorus (true absorption). The ap parent P absorption is then, Pab = NPHA-PI-Pend where Pend is the endogenous excretion, independent of P intake. NPHA is then the slope of a plot of Pab versus PI â€¢ NPHU (net phosphorus utilization) and is cal culated similarly from phosphorus re tention. The slopes were compared by analysis of covariance according to Snedecor and Cochran (15) . Analysis of vari ance for the differences between treat ments means, was also carried out accord ing to Snedecor and Cochran (15) . The relative availability of phosphorus from PL was calculated by dividing the NPHA or NPHU of PL by that of dicalcium phosphate.
RESULTS
The results of phosphorus balance are presented in figure 1 . The supplementa tion of the basal diet by additional phosphorus of DCP or PL origin resulted in increased P absorption at a rate dif ferent for the two sources or levels. Urinary phosphorus excreted was only 3-14% of the absorbed phosphorus and tended to increase with increased P in take, from both DCP and PL ( fig. le) . This change, however, was not significant (P > 0.05). Thus, most of the absorbed phosphorus was retained.
Net phosphorus absorption (NPHA) and utilization (NPHU)
The calculation of NPHA and NPHU was carried out according to the basal assumption outlined. The dependence of phosphorus absorption upon P intake (PI) was examined separately for the DCP and PL supplementation, taking into ac count the basal and two levels of P added ( fig. 1) . The functions did not significantly deviate from linearity. It is apparent from the regressions presented that the NPHA ( fig. la) and NPHU (fig. Ib) from DCP was 63.7 Â± 6 and 63 Â± 6, respectively and that of PL was 39 Â± 4.4 and 38 Â± 6%, re spectively. The differences between the regression coefficients (slopes) for both DCP and PL absorption and retention were significant (P<0.05), according to the analysis of covariance. It may there fore be concluded that the relative avail ability of P from PL as related to that from DCP was 60.9% and 60.3% as cal culated from NPHA and NPHU, re spectively.
Plasma phosphorus concentrations
Plasma P concentrations increased with the increase in the level of phosphorus supplementation, regardless of source. The dependence of inorganic plasma P concentrations 3 hours after feeding upon P intake was examined separately for DCP and PL-fed groups, and was found (table 3) to be significant (P < 0.05). The coefficients of both regressions were examined for their covariance and were not found to differ (P > 0.05) from each other.
Nitrogen digestibility and retention
Amounts of N consumed by the lambs fed the different experimental diets were similar. The nitrogen digestibility in the different treatments was similar (table 4) as expected (16) , indicating that even the lowest P intake supported regular ruminai and intestinal degradative and absorptive activities. The regression between nitro gen retention and phosphorus intake was examined separately for the DCP and PL treatments, 1, 2, 3 or 1, 4, 5, respectively. where Y and X denote nitrogen and phosphorus intake respectively. These functions did not significantly deviate from linearity. Nitrogen retention was, however, significantly affected by phos phorus intake. A highly significant corre lation between phosphorus and nitrogen retention was found. The regression be tween the two was: Y = 4.25X -2.5
(n =27, r = 0.81, P < 0.001) where Y and X denote nitrogen and phos-The assumption of linearity has been conphorus retention (g/day), respectively. firmed in this study.
DISCUSSION
Phosphorus intake, NPHA and plasma In the present study, the NPHA was inorganic phosphorus (Pi) concentration calculated from the dependence of amounts of phosphorus absorbed upon P intake as
The balance experiment reported in the determined by feeding lambs at three present study was simultaneously accomlevels of phosphorus. The calculation of panied by measurements of plasma phos-NPHU by the slope method was sug-phorus concentrations; a significant degested for birds by Hurwitz (7) . Another pendence of plasma inorganic P concenmethod of feeding P at two different tration upon P intake was found (table 3) . levels and calculating the NPHA from the Furthermore the ratio between the slopes ratio of P absorbed/P intake (17), was also of PL/DCP-phosphorus supplementation reported. Both methods described as-observedâ€"0.95/1.60 = 0.593â€"was very sume that the dependence of P absorpclose to that observed for the NPHA or tion upon P intake is linear and that NPHU ratios which were 0.609 and 0.603, endogenous P is independent of P intake, respectively. This similarity in PL/DCP slope ratios to those of NPHA may point to plasma P concentrations as a possible criterion for P availability measurements. Cohen (18, 19) found no correlation between the inorganic plasma phosphorus concentration and that found in the grasses ingested by grazing calves. Other authors (20, 21) experimenting with animals kept indoors concluded that the concentration of plasma or serum in organic phosphorus was a sensitive and reliable indicator of the amount of avail able phosphorus ingested. The coefficient of variation for the NPHA and NPHU in the present experiment was about 10-11% of the slope as compared to 56-69% of the slope for the dependence of plasma phosphorus concentrations upon phosphorus intake (table 3) .
The regression of Pi upon P retention in the present study was: Y = 2.55X -2 (Sb = 0.49, r = 0.703, P < 0.01)
where Y and X denote Pi plasma in organic phosphorus concentrations (mg/ dl) and X phosphorus retention (g/day). The coefficient of variation was about 20% of the slope for this criterion. However, a greater number of animals or pro longed periods of adaptation to the diets or of blood sampling may be necessary to reduce the experimental error and ob tain a reasonably predictable equation.
NPHA, NPHU and nitrogen retention
The level of phosphorus intake had no effect on the amounts of digested nitrogen. However, it affected significantly the N retention, and when the latter was related to P intake, significant de pendences were found and were pre sented. The ratio of the dependence (or slopes) of N retained upon P intake for PL/DCP treatments was 1.60/281 = 0.569 which is very close to the corresponding ratio for NPHU, 0.603.
The coefficient of regression (slope) of nitrogen retention (NR) upon phosphorus retention (PR) was 4.25. This figure is similar to the average ratio of N/P in the carcass of growing lambs, which was found to vary from 2.0 to 2.5% N and 0.45 to 0.61% P (22) .
Availability of phosphorus of PL origin
The phosphorus present in PL may be either of phytate or inorganic origin as excreted by the chick. Early studies of Common (23) showed that 68.1-72.8% of the ingested phytic acid was excreted by chicks. On the other hand, recent studies have shown that no phytate phosphorus could be recovered in the feces of calves (24) . An earlier study of Tillman and Brethour (25) reported an apparently similar availability of 62.9 and 69.6% from Ca-phytate salt and monocalcium phos phate, respectively. Lofgreen (26) , how ever, reported only a 33% availability of phosphorus from Ca-phytate sources, which was about 66% of the availability found for phosphorus of dicalcium phos phate in the same experiment. Ellis and Tillman (27) also reported a 25.5% avail ability of phosphorus from wheat bran, of which about 70% of its phosphorus con tent is of natural phytic acid origin (28) .
The slightly higher NPHA for PL (39%) than the availability quoted for phytate phosphorus (22.5-33%) is probably due to the presence of some inorganic phos phorus in PL, in addition to phytin.
The NPHA for lambs from heatsterilized PL found in the present work was 60% as related to NPHA from DCP. A higher percentage of phosphorus ab sorption and retention from air-dried poultry manure by non-lactating and lactating cows and by steers of 70% was reported by Bull and Reid (5), but was not compared to that of dicalcium phos phate. Furthermore, the experiments re ported here were conducted with young lambs whereas those reported by Bull and Reid (5) were conducted with older cattle, which are known to absorb phos phorus less efficiently. The difference in efficiency in P absorption in the present study as compared to that re ported by Bull and Reid (5) might have resulted from the heat sterilization of the PL used in the present study as was also suggested as a possible cause of its low N digestibility (9) . 
